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INTRODUCTION

This pParer rerports observations made by the authars on
vedetation occurring on sandvy tidal flats in Willara Bav,
Washindton durind the summer of 1978, Features of the vedetation
observed include (1) dgeneral characteristics - diversity, den—
sity, and distritution, (2) assembladges, and (3) factars «con-
trolling distribution. These ohservations are part of a larger
study into derositicnal pracesses and facies characteristics of
modern estuarine depasits.

Gealadgists from the U, S. Geolodgical Survewv have heen coan—
ducting several studies into modern and ancient environments in
or near Willapa Bay durindg the last several vears. Results of
these studies are rerparted in Clifton and others (1974), Clifton
and Phillieps (1972, 1920), Hill and Chin (1979), Anima (1979),

Luerke and Clifton (1979), Hill (1920), and Hill and Chin (1931).

ENVIRONMENTAL SETTING

The #following descrirption of the studvy area is mainly a
svynthesis of information contained in Garrett and others (1942),
Ardrews (19465), Clifton and Phillirps (1972), and Anima (1979).

Willara Bav, a ccastal plains estuary,. is located on the
southwestern Washindton coast arpproximately 47 km north of the
Columbia River mouth (Fig. 1). The Bay is a complex estuary
compased of three}larse a;d several small estuaries forming a
water area of about 375 km . The single bavy resulted from the
formation of a 32 km londg sand bar (North Beach Peninsula) ex-

tending northward from the mainland (Fig. 2).

The Bavy entrance is about 8 km across and is denerally ob-—



structed by larde sand shoals. Two main channels occur within
Willara Ravy (Fig. 2). The south channel (Nahcctta), abcut 29 km
lond, is protected from open water by the North Beach Peninsula.
The other channel (East) runs east from the Bavy mouth for apP-
proximately 19 km and is the mouth of the Willapa River., the
lardest tributary flowindg into the bav. Water depths in the main
channels varvy from 6 to 25 m while channe)l widths rande from 90
to 2200 m. Bath channels show a samewhat sinucus canfiduration
which is influenced by the tides.

Extensive tidal flats represent more than half the bav area,
with maximum widths up to one kilometer. Twe main environments
compase the tidal flats (Clifton and Phillies, 1980): (3) inter-
tidal flats which are inundated by astronomical tides, and (2)
surratidal flats which are inundated by a combination of astro-
nomical and meteorlodical tides. Salt marshes occur inter-
mittently between intertidal and supratidal flats. Runoaff chan—
nels which cross the tidal flats occur throughout the bav. Sedi-
ments on the flats rande from well sorted sand near the main
channels to clay in the upper reaches of the tide flats (Fig. 3).
In the southern pPart of the RBavy. tidal flats are muddier due ta
decreases in water circulation and well develored salt marshes.
Sections of the noarth Bay also have dense vedetation on the
flats.

The main climate controls over the North Pacific are the
semipermanent hidgh and low Pressure redions,. terrain, and the
ccean. During the summer, when a semirermanent high pPressure
cell predominates, air flow is northwesterly, cool, and relative—

v drv. In the winter, the Aleutian low pPressure rerlaces the



high. Air flow becomes southwesterly and brindgs maist air on-
shore. Willara Bav experiences dgale force winds during winter
storms.

Mean annual pPrecirpitation is about 220 cm. Monthly pPreciei-
tation is least in Jdulvy/Audust (4 cm) and dreatest in Decemher
(28 cm). However, only a few preciritation records are available
for the basin3 records from hidher elevations are rare. The mean
annual air temperature varies from appraoximately 11 OC (July) ta
4.5 OC (Jarnuary). Extreme temperatures are infrequent and of
short durations overall, the moderating influence of the ocean is
noticed in the air temperatures of the area. Relatively hisgh
humidities (70-85%4 in winter, 25-70% in summer) result in low
water losses to evaroration. The annual evapcoration is about Si-
64 cm.

Characteristic of mixed tides on the Pacific coast. tides in
the Bav show diurmal inequality. Retween mean hidgher high water
and mean lower low water. the diurnal difference is 2.5 m at the
Bay mouth to 3.1 m athahcotta. Willara Bavy has a water—-covered
area of about 375 km‘L at mean high tides at low tide on]vqi?ﬁ
km2 is covered with water. The result is approximately 197 kmA of
broad tidal flats (Fig, 2).

Averade current velocity during ebb and flood tides is about
2.5 knots. The greatest currents (4-6 knots) occur on the ebb
tide at the bavy mouth. Even dgreater velocites mav occur durins
reriods of strong south winds due to the northward flow of the

ebbing tide courpled with the wind effects. Waves denerated

offshore have little effect on the inner Bay because of the



protection afforded by North Beach Peninsula. An excerption is at
the Bay entrance where bottom sediment is intensively reworked bv
waves. Local winds are the most significant adent denerating
waves in the inper Bavy.

Water characteristics in Willara Bay may chandge rarpidiv.
About 65% of the water leaves the Bay on an outdoindg tide. If
this water is caught up in a littoral drift, it is sweprt awav and
rerlaced with ocean water on the incoming tide, On the averade,
water temperatures rande from 7-9 OC in the winter to 14-20 OC in
the summer.

The fall season is a period of relatively hidh salinity (20
Parts per thausand). This results when the Columbia River plume
shifts to the south and water offshore of the Rav mouth is re-
Placed with more saline ocean water. Durind winter. salinitvy can
drop as low as five pParts pPer thousand due to (1) increased
runcff from winter Precipitation and (2) the Columbkia River plume
swingind to the north. With decreases in the amaunt of runaff
during the sprind, the salinity bedins to increase (apProximately
20 parts rer thousand). Summer salinities (about 25 Parts per
thousand) result from much reduced rainfall and the influx of

more ocean water. The salt water wedde is sharpest in the summer

and fall,.
2
Willara Bavy receives runoff from ahout 2400 km of land
(erincirally the wesk flank of the Willara Hills). Nue toa sea-—

sonal wvariation in precipitation and lack of snow or other sur-—
face storade toc maintain summer flows runaff is variable. During
July to Seprtembers runoff accounts for tess than 2% of the

average annual runoff, Averade runcff varies widely hetween



tributary basins. For exampPle, averade runoff for the Naorth
River basin is about 150 cm, whereas it is over 250 cm in the
Naselle River basin. Overall, the runoff fidures are dgenerally
higher than would be anticirated from available epreciritation
records,

Sediments in the Bavy are supplied hy the Pacific Qcean,
terrace derposits, rivers, and aeclian sand depasits. The Pacifirc
Ocean suppPlies most of the sand depcsited in the Bavy and on the
tidal delta at the Bav entrance (Fid. &), A combination of
littoral drift and tides causes extensive erasion alond Care
Shealwater. The eroded sediment is carried onto the tidal delta
and inta the Bavy; in the Bavy it is depasited along Toke Spit and
Ellen Sands.

By erasional Processes, larde amounts of mud and sand are
derived from the Quaternary terraces around the Bav. During hidgh
tides (esrpecially in the winter and /or assaciated with storms),
wave action undercuts the vertical cliffs and stacks causinsg
slumping or slides of the deponsits,

Nine rivers supPpPly sediment to Willara Bavy. The madoritwy of
clay and silt (minor amounts of dravel and sands) derasited in
the Bay come from these rivers.

Sand flats adijacent to North Beach Peninsula are compPased
mainly of sediment blown from aecalian derosits on the barrier
spit. Some sediment is alsc provided by subtidal channels
erodindg intoe beach and nearshore sands.

The specific study area for this repart is located on the

intertidal flats from Goose Point to Pickernell Creek on the east



side of Willara Bay (Fidg. 4)., Geosdrarhically, this area cccuries
a mid-estuary position. The width of the flat varies from a feuw
hundred meters to as much as a kilometer. Limited salt marsh and
supratidal flat environments occur near the Palix River and
Pickernell Creel, Indurated terrace derasits occur along the
entire shoreline adiacent to the study area.

Within the specific study area, the averade textural charac-
teristics are best descrihed as poorly sorted, fine-drained sand
with strondlvy—fine skewed leptokurtic distrihutians. Distrj-
bution pPatterns of textural pParameters (Fid. 5) show concsistent
trends of sediments finind upslore and up—estuary reflecting a
response to decreasing hvdraulic enerdv and increasing distance
from the main sand saurce (the tidal inlet).

Composition of sediments on the intertidal flats between
Goose Paint and Pickernell Creek are mainly (dreater than 90%)
light minerals, mostly quartz with small amounts of lithic frag-
ments, Pumice, vedetation. and bicdenic shell fragments. Heavy
minerals make up about 4% of the sediment. The mast comman heavy
minerals are clinoPvyroxene, orthopyroxene, hornhlende. epidate.
and oraque. Clay minerals comprise less than S% of the sediment.
The pPrincipal clavy minerals are montmorillonite, illite. and
chliorite. Fossils (micro + macro) make urp less than one percent
of the sediment.

Within the specific study area, bhed foarms rande from large
sandwaves to small-scale rirPrPles. Due to low sedimentation rates
on ¢the +flats, ¢the sediment exreriences extensive bhicdenic re-
working except where local conditions pPreclude infaunal activity,

Therefore, bioturbate textured sediments are characteristic of



these mid-estuary intertidal derposits.

GENERAL. CHARACTERISTICS OF VEGETATION
Taxonomy

Seadrasses

Intertidal vesgetation consisted in rPart of 2 srpecies and &
varieties of seadrasses (Fidg. &). Zostera marina cccurred in two
vedetative forms: 1) an "intermediate" (int.) size variety with
leaf blade widths up to S mm and lengths to 20-30 cm, and (2) the
well known long wide—leaved (lwf) form tvepical of the Pacific

coast of North America with leaf hlades from S—10 mm wide and

lendths up to one meter. Zostesra noltii cccurs in only  one
vedetative forms a short narrow leaf variety — leaf blade width
is denerally 1 mm and height abaout 10 cm. Z. noltii arparently

is an introduced srecies (Savce, 197¢4).
Salt Macsh Grasses

Intertidal salt marsh dracsses were predominantly of 3 tvres:
Triglochin maritima, Salicornia cr., and Scirrpus americanus (Fig,
7). Onlv salt marsh drasses occurring in the intertidal cone
(i.e.» "lower marsh") were considered. no terrestrial marsh vedge-

tation was studied.

Distribution and Relative Ahkundance
Seadrasses
Seasrasses occur throughout the studvy area with the excep-
tion of the east side of Goose Point. Grassflats are denerallw
rpatchy and discontinuous in the upper and middle intertidal but

dense and continuous on the lower intertidal flats. Sparse to



dense ratches of Z. noltii dominate the upper intertidal zcones
throughout the study area. Middle intertidal zones are dominated
by srarse to moderate (rarely dense) mixed stands of Z. noltii
and Z. marina (int.). The "landward" and "seaward" eddes of this
mixed zone drade into relatively pPure stands of Z. noltii and Z.
marina (lwf) respectively. Lower intertidal flats are charac-
terized by dense, well-—-develored Z. marina (lwf) beds.
Salt Marsh OGrasses

Salt marsh drasses occur primarily in the scuthern part of
the study area, althoudh flats east of Goose Foint have small.
lTocalized surratidal salt to brackish water marsh clumps. Taro—
grarhic "Holacene” lows in the Pleistncene terrace torpodgrarhvy are
filled with dense and luxuriant stands of brackish to fresh water
(terrestrial) marsh gSrasses. Gradations occur from terrestrial
te supratidal to intertidal or loawer marsh. Intertidal =salt
marsh drasses occur in small clumps and patches, often with a
thin film of aldae between clumps. Salt marshes alsc occur on

the intertidal flats at Corpper Point and Pickernell Creelk.

ASSEMBLAGES AND ZONATIONS
Seadrasses
Seadrasses occur in specific assemhlages which are re-
stricted in distribution. Upper intertidal flats are charac--
terized by relativelk pure sparse to dense stands of Z. noltii.
However, in pPlaces, uprPer flats mavy contain Z. warina (int.)
mixed with Z. noltii. Z. wmarina (int.) alwayvys occurs in torPo-

grarhic lows when found on the upper flats (i.e.» where water is
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rersistently ponded even on very low tides).

Middle 1intertidal +flat areas are characterized by mixed
stands of Z. noltii and Z. marina (int.). Mixed grassflats dgrade
upslope into relatively pPure Z. noltii and downslore into
relatively pure Z. wmarina (luwf). Riddge and troudgh toPadrarhy,
where present on the intertidal flats, impart hoth a vertical and
a horizontal zonation on the seadrasses pPresent. Z. noltii
occurs both on the ridde crest and in the troush whereas Z.
marina (int.) occurs only in the troushs.

Lower intertidal flats characteristically exhibit dense and
well develared drassflats of pure Z. marina (luwf). These
grassflats are extensive and extend from the 1lower intertidal
flats to the eastern levee of the Nahcotta Channel (up to 1 km in
extent).

Salt Marsh Grasses

Salt marsh drasses also occur in distinct assembkiades and
zonations with diversity increasing landward (upslore). At
CorPer Point, Tridglochin is predominant on the lower earts of the
upper intertidal zone and is mixed with Scirpus on the hidher
part of the uprer intertidal. These spPecies drade into a higher
supratidal to terrestrial marsh which contains more diverse
assemblades. At Pickernell Creek. Triglochin cccurs in a dif-
ferent assemblade but has the same zonation within the lower
marsh. Tridlochin dominates the lower epart of the urpPer inter-—
tidal, occurring in small dense clumes, On the higher part of
the upper intertidal Tridlochin cccurs mixed with Salicornia. In
every clump observed. Salicornia was alwavys topodgrarhically

hidher and surrounded by Tridglolchin. Some Scirpus occurs on the
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highest upper intertidal to supratidal zones.

FACTORS CONTROLLING DISTRIBUTION

Diverse, vet interderendent, physical factors contrel to a
larde extent the distribution, assembladge, and zonation of bath
seadrasses and salt marsh drasses within the intertidal flat
areas. Factors influencing and actindg upPon seadrasses are
(Phillims, 1972): (1) salinity, (2) temperature, (3) substrate,
(4) l1idht and derpth, (S5) waves., surde. and currents. Factars
acting upon salt marshes include (Chapman, 19338): (1) elevation,
(2) salinity, (3) drainade, (4) aeration, (5) water table, (&)
rainfall, (7) scil, (8) evaroration, (9) temprerature, and (10)
biota.

Seadrasses are strondly controlled by substrate tvpe and
elevation as well as tidal actian. Grassflats thrive in dense
and well-develoured stands where 1) sufficient modern sediment
covers the indurated Pleistocene surface, 2) intertidal flats are
relatively free of teorpodrarhic ridde and troudgh svstems. and 3)
efficient drainage is carried out by intertidal runoff channels.
The area between station 712-1 and station 719-& (Fid. 4) is a
trre example of this case. Lowermost intertidal flats borderins
the Nahcotta Channel are ancther gocd example. Seadrasses will
srow on practically any sediment tvpe. but initial colonization

!

will occur only if ordganic matter is pPresent in the sediment (Den

Hartodg, 1970).
Elevation of the intertidal flats is a determining facter in

controlling seadrass and salt marsh zonation. A normal zonation

0f seadrasses from urrer to lower intertidal would show: Z.
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noltii ——> Z. noltii + Z. wmarina (int.) ——-> Z. wmarina (lwf).
However, where ridde and troudh or relict torodrarhy dominate the
flats, both vertical and herizontal zonations and assemhlades are
imparted by torodrarhy pPresent. As stated pPreviously, Z. noltii
will occur both on the riddes and in the troughs while Z. w®marina
(int.) will occur only in the troudhs. The same holds true in
general for relict topodrarhic hishs and lows. However. where
relict torpograrhy on the intertidal flats is composed of in-
durated mud, 1little to no vedetation will be present. Where
torpodgrarhic lows occur on the intertidal flats and water is
rpersistently ponded from one tidal cvcle to the next, dense
stands of mixed seadrasses mav be pPresent even on the upPper
intertidal (as near Pickernell Creek). The torasrarhically
"highest" parts of the intertidal flats, such as ridde crests,
are often void of any seadrass cover due to extensive subaerial
exposure during low tides.

Tidal acticen is important in controlling seaﬁrasses.v Those
areas of the intertidal flat that are regularlv inundated and
efficiently drained <("flushed") surpPort the densest and most
well—-develored seadrass heds. The highest pParts of the uppPer
intertidal (to supratidal) where inundation is accomplished anly
on the highest high tides support verwy little to no seadrass
cover (excert where torpodrarhic lows might pand water).

Intertidal saltmarsh drasses are soverned predominantly by
water/substrate salinity and elevation. In lower marsh 2zones,
regsularly inundated by tides, Tridlochin Predominates. Upslape
and hisgher torograrhically, Scirrpus and Salicornia accur mixed

with Triglochin. These areas are subjected to less fresuent
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inundation and fewer hours of submerdence on the averade.
Triglochin, Salicornia. and Scirerus themselves drade intoc and
then are replaced by other marsh dgrasses in the supratidal to
terrestrial marsh zones. The occurrence of marshes in "Holocene"
lows in the Pleistocene terrace topodraprhy seems to determine
where salt marshes will caccur in the study area. In other pParte
of Willara Bay, this aobservation does not necessarily hold true.
Soil salinity seems to be a controlling effect as the hisgher
marsh areas which underda dreater dessication show higher
salinities. Hidh saline content in substrates inhibits dgrowth
and abundance of salt marsh drasses (Atwater, 197%). A factor
which was not investidgated, but which may be an impPortant con-
traolling factoer is interspecific compPetition hetween marsh

plants.

SUMMARY

Reconnaisance of the tidal flats between Goase Foint and
Pickernell Creek in Willara Bav suddested the following maJor
trends for seadrasses: (1) Z. warina (lwf) was most dense in
subtidal and continually ponded areas of the flats, (2) Z. marina
(int.) was found mixed with Z. noltii on the mid-tidal flat and
to a lesser extent with Z. wmarina (lwf) on the lower tide flats,
(3) Z. noltii was limited primarily to the upper and mid-tidal
flats. Z. noltii !was the most ubisuitous of the three forms
rresent. Major controlling factors in the physical environment

were relative lengths of subaerial versus tidal inundation,

effectiveness of tidal circulation, and relative elevation of the

iz



tide flat surface.

Salt marshes within the study area occurred eprimarily in
small circular clumps directly seaward of topodrarhic lows in the
Pleistocene terrace torodgraephy. Salt marsh drasses show a dis-
tinct increase in density and diversity from the upper intertidal
into terrestrial marshes (upsloPe). Triglochin cccurs in  Pure
stands on the upPer intertidal flats and in mixed stands with
Scirrus or Salicornia in supratidal flat areas. Controlling
physical factors arpear to be water salinity, substrate salinitvy,
and elevation. Recent salt marsh decodgraphic distribution from
Goose Point to Pickernell Creek seems toa be coantralled by antece—

dent Halocene torpcdgrarhic lows in the Pleistocene terraces.
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